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There is a general consensus that problems for a structure subjected to fire are 
nondeterministic. Under the circumstance of imperfect information and knowledge, 
structures are designed and built with an unknown factor of safety. Knowing that the 
probability of failure, Pr, always exists, we use it to serve as a logical basis for an 
evaluation of reliability and to construct a mathematical model. 
RELIABILITY MODEL 
A reliability model for fire safety requires a two-sided activity. On one side is the 
description of fire duration time (rs), and its effects. On the other side, we have the 
description of fire resistance time (~a) of material properties and prediction of structural 
capacity. These two parameters are random variables and the structural failure [l-3] is 
an event such that Q > TR or Ts/TR > 1. The probability of failure, P,, can be expressed as 
P, = P(TR < TS) = ” f&Ts, TR) dTR dTs 
in which f,,& TR, TS) is the joint density function of 7~ and TS. Since fire duration and 
resistance are statistically independent, Eq. (1) can be written as 
or, alternately, 
Pf = I m F&&h) dTs (2) 0 
. 
Fs(TR)&(TR) h (3) 
Figures l(a) and (b) show graphical interpretations of the above equations, respectively. 
Reliability or probability of survival, Ps, can be shown as 
P, = 1 - Pr. (4) 
This reliability model is mathematically sound. However, its accuracy depends on the 
statistical distribution of 7s and 7 R which should be known precisely. These two 
statistical parameters entail a large number of factors whose influence on the accuracy 
of calculations are difficult, if not impossible, to assess. 
This paper was presented at the Third International Conference on Mathematical Modelling, University of 
Southern California, Los Angeles, CA, July 29-31, 1981. 
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Fig. 1. Fire duration and resistance times vs density function. 
SAFETY INDEX MODEL 
To circumvent distribution functions of 7s and 7R the first two statistical moments of 
the variables are estimated [4,5]. Define #l as a relative measure of reliability, that is, the 
average safety margin (mean values, CL) must lie at least /3 times the number of standard 
deviations, (T, above zero. Thus, 
cL=Bo, (9 
which is shown in Fig. 2. Rewrite Eq. (5) as 
B = (TR - %)/ddR + ds (6) 
in which mean values are denoted by a bar on top of the variables. Thus, a constant 
value of /3 would effectively result in a relatively fixed reliability for structural members 
subjected to fire hazard. 
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Fig. 2. Frequency distribution. 
ENGINEERING APPLICATIONS 
By means of probabilistic and statistical techniques, the engineering approach is to 
develop a consistent reliability for the design of structural components for 6re safety. 
With reference to Eq. (6), the square root term in the denominator can be linearized [6] 
as k(u,, + a,,), in which k = 0.75. Rewriting Eq. (a), we have 
in which 4 = resistance factor = (1 - 0.7SgV,,J and a = load factor = (1 + 0.75/3V,,); V 
denotes coefficient of variation. Thus, Eq. (7) corresponds to the format of design 
criteria for steel building structures [7]. 
EXAMPLE 
For ventilation controlled fires, a mathematical model [8] is 
TS= ($)ks, (8) 
in which w = fuel load density, F = floor area, A = window area, H = window height, 
and ks = dimensional constant. From analysis of fire tests of thin wall steel members, the 
following expression [9] holds: 
7R = Itw o.8, ( > P (9) 
in which t = thickness of insulation, w = total mass of insulation and steel structural 
member, p = average perimeter of protective material and I = a factor representing the 
insulation heat transmittance value for the material. 
The parameters in Eqs. (8) and (9) can be obtained statistically for mean values and 
standard deviations. The coefficient of variations (V) can be derived by using a truncated 
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Taylor’s series [4] as 
BENJAMIN Koo 
V: = $2 [(g)* mean valuej(uJ, 
I J 
(10) 
in which x and y are independent and dependent 
structural design is based on Eq. (7). 
CONCLUSION 
variables, respectively. Then, the 
Research in reliability model for fire safety is still in its infancy. Much time and effort 
are needed for its advancements. So, some observations in further research are as 
follows: 
1. Fire duration time could be subdivided into stages of preliminary, mature, flash- 
over, and so on. 
2. Fire resistance time for component members could be expanded to include the 
structural system. Consequently, the probability of failure model should be 
modified. 
3. Residual strength and capacity of structural members after fire should be in- 
vestigated. 
4. More meaningful statistical data should be systematically collected and generously 
1. 
2. 
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4. 
5. 
6. 
7. 
8. 
9. 
exchanged among research institutions. By means of Bayesian updating 
the 4 and cr values may be improved in design. 
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